Evidence for a hormonal disturbance in those diseases in which the accumulation of edema fluid is a major clinical manifestation has, until recently, been meager and the conclusions doubtful. Thorn and Emerson (1) , in 1940, observed the exacerbation of ascites and edema during the premenstrual period in a patient with glomerulonephritis and in a patient with cirrhosis of the liver which suggests that gonadal hormones may at least affect the course of edema in these diseases. In 1942 Futcher and Schroeder (2) , in their demonstration of the impaired excretion of sodium chloride in congestive heart failure, suggested that the cause might be increased venous pressure or renal anoxia or "an endocrine mechanism possibly involving the adrenal cortex."
In the last two years more substantial, although indirect, evidence for a hormonal disturbance in edematous states has been forthcoming. Parrish (3) found in four of 10 patients with congestive heart failure increased excretion of urinary corticoids which prolonged the life of adrenalectomized rats. Deming and Luetscher (4) report greatly increased sodium-retaining activity (by a bioassay method) in the urine of patients with massive edema due to nephrosis or heart failure. Albert and Smith (5) , following the administration of ACTH, desoxycorticosterone, or cortisone to normal individuals, found in five subjects who developed marked peripheral edema all the hemodynamic changes of heart failure, except a decreased cardiac output.
The present investigation affords further evidence of a hormonal disturbance in certain diseases in which edema fluid accumulates. It is well known that desoxycorticosterone diminishes the excretion of sodium by the kidney and the sweat gland (6) and recently it has been demonstrated that desoxycorticosterone also diminishes the excretion of sodium by the salivary gland and the colon (7) . There is evidence that the sweat and salivary glands in the patient who is accumulating edema act in a fashion which resembles excessive desoxycorticosterone-like activity (8, 9). This study was designed to ascertain whether the colon of the edematous patient also acts in a fashion which resembles excessive desoxycorticosterone-like activity.
The concentration of sodium in the sweat and saliva is normally of sufficient magnitude to permit measurement of a possible decrease. It is, however, difficult to document a decrease in the excretion of fecal sodium because the amount of fecal sodium is normally quite small and variable (10) . In order to insure sufficient amounts of sodium in the stool to be able to quantify a difference between the normal individual and the edematous patient, a cation exchange resin was fed (11) . For proper interpretation of the data, the mechanics of the action of the resin in relation to sodium in the lumen of the gut must be considered (7) . The exchange of ions on the surface of the resin is almost immediate and the pattern of electrolytes on its surface is dependent on the number and nature of the electrolytes in the surrounding medium (12, 13) . In the small intestine the resin is in equilibrium with a solution containing about 140 mEq of sodium per liter. When more sodium ions leave the lumen of the gut than enter, such as occurs in the colon, there is a net reabsorption of sodium. In proportion to the other ions present, there are fewer sodium ions available for the resin in the lumen of the colon 451 than in the lumen of the small intestine and a new equilibrium is established in the colon between the sodium on the resin and that in solution in the colonic contents. The balance between the transfers of sodium across the colonic mucosa and the "attraction" of the resin for the sodium eventually determines how much sodium is retained on the resin and hence the amount of sodium appearing in the stool. The net transfer (i.e., eventual reabsorption) of sodium across the colonic mucosa in the normal individual may thus be compared with the net transfer in the edematous individual by a comparison of the amounts of sodium removed by the resin in the stool.
The patients who were studied were selected as representative of the severest type of sodium retention. The criterion by which patients were selected was that the daily urinary excretion of sodium was negligible in relation to the dietary intake. Of course there are edematous patients who gain weight from day to day and who excrete more sodium than the patients studied. Their weight gain is correspondingly slower. For example, if a patient ingests 5 grams of sodium daily and excretes only 2, he would then regularly gain weight, but if the intake is reduced to 1 gram, the patient will no longer accumulate fluid and might even lose weight by diuresis. Presumably in patients who are able to excrete a moderate amount of sodium in the urine the excretion of sodium by the colon, salivary gland, and the sweat gland is not sufficiently impaired to demonstrate a difference from the rather wide range of normal values. Patients whose urinary sodium excretion was severely limited were therefore selected for study in order to demonstrate a difference from the normal.
PROCEDURES
A cation exchange resin was fed to two groups of patients. The first, considered the control group, consisted of patients who were suffering from a variety of chronic diseases without evident disturbance in their water balance. The second group consisted of patients who were actively accumulating edema fluid because of congestive heart failure or cirrhosis of the liver. Both groups received the same regular ward diet without the privilege of adding salt. The edematous patients never excreted more than 5 and usually excreted less than 1 mEq of sodium per day in the urine. The plasma sodium concentration in these edematous patients was essentially normal (135 to 140 mEq per liter) except for one patient (CER , Table I ), whose plasma sodium ranged from 128 to 132 mEq per liter.
Forty-five grams of carboxylic resin in the ammonium form or in a combination of the potassium and ammonium forms (ratio of one part of potassium to two of ammonium) were fed daily to both groups. Stools were collected and analyzed for sodium, potassium, and nitrogen. To make certain that samples of stool were representative of the period of feeding resin, analyses were not begun until four days after beginning resin therapy. The study was conducted on the wards of a chronic disease hospital and it was quite difficult to insure complete stool collections. For this reason, fecal sodium and potassium were expressed in terms of excreted nitrogen. The daily fecal nitrogen was assumed to be the same for both groups of patients since they were on the same diet. This mode of expression avoids the errors of incomplete stool collections and erratic bowel movements but does contain the error of the variability in fecal nitrogen excretion (14) . The latter error was thought to be smaller under the circumstances of the investigation. In order to use units which were in some way representative of the daily fecal excretion of sodium and potassium the data have been expressed in mEq of sodium or potassium per gram of nitrogen.
Stools were dried under infra red light. Triplicate aliquots of the dried feces were treated with concentrated sulfuric acid and ashed in platinum crucibles at 700°C. The ash was dissolved in hydrochloric acid and analyzed for sodium and potassium. Separate aliquots of the dried feces were analyzed for nitrogen and ammonium. All nitrogen values have been corrected for ammonium and represent ammonium-free nitrogen.
Sweat was collected in rubber gloves. The gloves and arms were prepared according to the procedure suggested by Leslie and Levin (15) . The patient was attired in hospital pajamas and covered with two woolen blankets. The lower extremities were placed in a whirlpool bath at 420 C. After a 20 to 40 minute immersion in the bath the gloves were removed and the accumulated sweat poured into a vial.
Saliva was collected in the following manner. The mouth was first rinsed with distilled water and the subject was given paraffin to chew. The saliva collected during the first minute's chewing was discarded. Two separate samples were taken in the second and third minutes. The values reported are the means of the sodium content of these two samples.
Sodium and potassium were determined with an internal standard flame photometer (16) . Nitrogen was determined by the micro-Kjeldahl procedure and ammonium was determined according to Summerson's modification of the Van Slyke and Cullen procedure (17) .
OBSERVATIONS
In the control group of eight patients without evident disturbance in their degree of hydration who received carboxylic resin, the mean fecal so- Table I ). The data indicate that under similar conditions of diet and resin administration the net transfer of sodium from the lumen of the colon to the surrounding blood stream is greater in the edematous patient than in the normal. The resin is consequently less effective in retaining sodium in the stool in the edematous patient than in the normal patient.
The mean fecal excretion of potassium was approximately the same in the control group and the edematous group. The amounts of potassium excreted seemed to have little relation to the amounts of sodium excreted. In a given individual, however, somewhat more potassium was excreted in the stool when potassium was incorporated in the resin (KRS, LST, FAG, POL, Table I ).
Sodium excretion by the sweat and salivary glands was measured in three patients of the group who were accumulating edema. Two patients were suffering from congestive heart failure and one from cirrhosis of the liver. In each patient the concentration of sodium in the sweat and saliva was much reduced as compared to normal values (Figure 1 ). In 10 samples of hand sweat in seven normal individuals taken at various times, the mean concentration of sodium was 39 mEq per liter, range 15 to 75 mEq per liter. In two patients accumulating edema fluid, the concentration of sodium in the sweat was 8 and 13 mEq per liter. In 35 data in the literature (8, 9, 18) and are presented only to have measurements in the same patient who fails to excrete expected amounts of sodium in the stool. The edematous patient, then, as compared to the normal, alters the transfer of sodium by various organs, the kidney, the colon, the sweat and salivary glands, in such a fashion as to limit the loss of sodium from the body.
DISCUSSION
The accumulation of edema in those patients who continually gain weight from day to day is due chiefly to the retention of sodium, chloride, and water ingested by the patient and not excreted by the kidney. The primary difficulty appears to be the retention of sodium. A disturbance in water excretion does not seem to be the basic difficulty. Although the patient with congestive heart failure or cirrhosis of the liver may eliminate a test dose of water more slowly than the normal individual (19) (20) (21) , drinking large amounts of water daily does not aggravate the edema of congestive heart failure (22) . Nor does it appear that the kidney has any difficulty in excreting the chloride ion as the edematous patient can excrete ammonium, potassium, or calcium chloride easily and sometimes with an increased amount of water (23) . However, the urine of the patient who is actively accumulating edema fluid such as the type of patient reported here, contains only small amounts of sodium irrespective of the amount or form of sodium ingested. Under normal circumstances the kidney regulates the sodium content of the body by balancing the output against the intake. Why the kidney fails to do so in certain diseases is a point of controversy.
Many factors are known to affect the renal excretion of sodium. Alterations in filtration rate (24) , renal arterial and venous pressure (25) (26) (27) , oxygen tension (28), and plasma volume (29) are factors which have been investigated as individual entities and have been demonstrated to influence the renal excretion of sodium. The controversy resides in the relative importance of these factors and in the manner in which they play a role in the development of edema. The disturbed cardiovascular dynamics found in congestive heart failure are absent in cirrhosis of the liver, and the renal plasma flow and glomerular filtration rate are within normal limits (30) . Nevertheless, in both these diseases where the patient is actively accumulating fluid there is evidence that several organs act to suppress the excretion of sodium. It is not to be inferred that organs other than the kidney contribute to any great extent to the accumulation of edema in congestive heart failure and cirrhosis of the liver. The data serve only to illustrate the fact that the suppression of the excretion of sodium in these diseases is a phenomenon which is common to various organs.
The fact that desoxycorticosterone has the ability to induce a similar disturbance in the transfer of sodium across the kidney, colon, salivary and sweat glands, suggests that the accumulation of edema in both cirrhosis of the liver and congestive heart failure is due, at least in part, to an excess of desoxycorticosterone-like hormone or to a deficiency of a possible antagonist. Desoxycorticosterone-like activity occurs as a normal physiological process when there are excessive losses of sodium from the body or when the dietary intake of sodium is sharply restricted (31) (32) (33) and is manifested by limiting the excretion of sodium from the body by several organs. The diminished excretion of sodium found in diseases where there is active accumulation of edema fluid resembles the normal mechanism for the conservation of salt. The question is why the normal mechanism for limiting the escape of sodium from the body goes awry in these diseases. It is not known whether the biochemical stimulus is the same for the normal conservation of salt as it is in congestive heart failure and cirrhosis of the liver or whether it is the same or different for these diseases. It is clear that in these edematous states four organs, across which the transfer of sodium can be measured, act in concert to limit the escape of sodium from the body. The accumulation of edema in these widely divergent clinical states would seem then to be due in part to a disturbance in hormonal balance.
CONCLUSIONS
With the use of cation exchange resin it has been demonstrated that the colon of the edematous patient retains sodium to a greater degree than the colon of the normal subject. This suppression of sodium excretion is part of a generalized phe-nomenon involving the kidney, sweat gland and salivary gland. The inference is drawn that the accumulation of edema in congestive heart failure and cirrhosis of the liver is at least partly mediated through a disturbance in the hormonal control of sodium excretion.
